This chapter reports the study on building energy efficiency design for TBSs in Guangzhou. Through field investigation of a typical TBS in Guangzhou, the basic information of TBS was achieved, the key factors influencing energy consumption of TBS were determined and several building energy efficiency designs were proposed. The effect on the annual cooling load for each energy efficiency design was analyzed and a combined effect was achieved for several combinations of the designs by building simulation. The building energy efficiency design strategy for TBS in Guangzhou was concluded. It was found that ventilation design is the primary choice for energy efficiency TBS building design. A new ventilation cooling technology (VCT) was proposed. Based on the field investigation, the application feasibility of VCT was studied systematically and the optimization of airflow organization for VCT was analyzed.
Field investigation 2.1. Climate conditions in Guangzhou
Guangzhou is located at latitude 23°08'N and longitude 113°19'E. Summer is hot and humid and winter is warm. The average air dry-bulb temperature is 28.4 °C in July and 13.3 °C in January. The mean daily temperature variation is 7.5 °C. The relative humidity is about 83% in summer and 70% in winter. The average annual rainfall is about 1705 mm of which 80% falls between April and September.The long, hot and humid summer in Guangzhou creates a huge demand for energy for cooling.
Field investigation methods
A typical TBS in Guangzhou was chosen for investigation. The TBS is located on the top of a library, with dimensions of 4.66 m long 4.66 m wide 2.8 m high. The plan view of the typical TBS is shown in Figure 1 . The structure and conductive thermal resistance of the building envelopes of the typical TBS are shown in Table 1 . Two air conditioners are installed for cooling with a temperature set point of 25 °C. The telecommunication equipment and the air conditioners work continuously, 24 h per day and 365 days per year. There is no window on the walls, mainly for the safety of the telecommunication equipment. The thermal characteristics of the building envelopes, the heat dissipation of the telecommunication equipments and the performance of the air conditioners were investigated through physical measurements. The measurements were carried out during the winter in Guangzhou from 18:00 h on January 8 to 13:00 h on January 10 (44 h in total). Measurements taken included the interior and exterior surface temperatures of the walls, roof and floor (Figure 2) , the exterior surface temperature of the equipments, the velocity and temperature of the air exhausted from the equipments (Figure 3 ), the ambient room air temperature, and the return and supply air velocities and temperatures of the air conditioners. The temperature was measured using thermocouples with an accuracy of 0.5 °C and recorded by a data logger at 5 min intervals. Air velocity was measured by a heated-sphere anemometer with a range of 0.1-30 m/s and an accuracy of 5%. The energy consumption of the TBS was measured using a power meter. 
Field investigation results

Inner heat source
Heat loss of the telecommunication equipments is the main inner heat source for the TBS, which can be transported by convective and radiative ways. The convective heat loss was calculated by using the airflow rate, ambient room air temperature (i.e. inlet air temperature) and outlet air temperature. The radiative heat loss was calculated by using the exterior surface temperature of the equipments and the interior surface temperatures of the envelopes. It was found that the total heat loss of the equipments was maintained constant at a level of 4.35 kW, regardless of communication work loads or outdoor weather conditions. The density of the inner heat source was about 200 W/m 2 , which is much larger than the normal public buildings. Figure 4 shows the measured results of the south wall. Outdoor air temperature obtained from the local meteorological observatory in Guangzhou is included in Figure 4 as well. The interior surface temperature, mainly influenced by the indoor air temperature, was comparatively stable (around 25 °C). The exterior surface temperature, affected by the outdoor air temperature and solar radiation, fluctuated greatly with time from 12.5 to 37.5 °C. The mean outdoor air temperature was 12.8 °C and the highest was only 18.3 °C during the measuring period. It was decided to use the steady state heat transfer equation to make an initial observation on the variation of the heat transfer amount and direction, rather than the dynamic equation, which is relative complicated. The steady state heat transfer equation is:
Thermal performance of building envelopes
where Q is the total heat transfer (W), e  is the exterior surface temperature (°C), i  is the interior surface temperature (°C), R is the conductive thermal resistance (m 2 K/W) and S is the area (m 2 ) of the building envelopes. Based on the thermal characteristics (see Table 1 ) and the measured temperatures, heat transfer of each building envelope was calculated and shown in Figure 5 . 1-8 15:00 1-8 18:00 1-8 21:00 1-9 0:00 1-9 3:00 1-9 6:00 1-9 9:00 1-9 12:00 1-9 15:00 1-9 18:00 1-9 21:00 1-10 0:00 1-10 3:00 1-10 6:00 1-10 9:00 1-10 12:00 1-10 15:00 1-10 18:00 www.intechopen.com
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The variation of heat transfer with time was slight for the roof and floor, and large for the walls, especially for the south wall. Guangzhou is located in the northern hemisphere and the sun lies in the southern sky during the measurement, so the south wall gained more heat from solar radiation than the roof and the other walls, resulting in the largest heat transfer change with time. The heat gain (heat transfer from outdoor to indoor) was highest at noon for the south wall and roof and at 15:00 for the west wall. The heat loss (heat transfer from indoor to outdoor) was highest at 7:00 for all the envelopes. The heat transfers of all the building envelopes were summed up and the change of the total heat transfer with time is show in Figure 6 . In the period of the investigation, the time for the building envelopes to gain heat is only 2 h and to lose heat in the rest of 42 h. Moreover, the maximum of hourly heat loss (3444 W) is far more than the one for heat gain (114 W). The building envelopes of the TBS works in most of time together with the air conditioners to discharge the inner heat generated by the telecommunication equipments and gains heat in only very short time due to the strong solar radiation. 1-8 18:00 1-8 21:00 1-9 0:00 1-9 3:00 1-9 6:00 1-9 9:00 1-9 12:00 1-9 15:00 1-9 18:00 1-9 21:00 1-10 0:00 1-10 3:00 1-10 6:00 1-10 9:00 1-10 12:00 1-10 15:00 1-10 18: The cooling load of the air conditioners was calculated by using the measured results of the return and supply air temperature and airflow rate. The change tendencies with time are very similar for the cooling load of the air conditioners, the total heat transfer of the building envelopes and outdoor air temperature (see Figure 6 ). The lower the outdoor air temperature, the more the heat discharged by the building envelopes and the lower the cooling load of the air conditioners. Enhancement of the heat transfer of the building envelopes could save energy by decreasing the cooling load and shortening runtime of the air conditioners. Figure 7 shows the measured results for the single-phase electrical power of the TBS. Electrical power was maintained at a low level from 5:10 pm to 5:45 pm on Jan 8. That is because the door was open during this period, and the heat was dissipated through the open door by natural ventilation. This shows that internal heat can be removed directly by ventilation, and thus the energy consumption for the air conditioning can be significantly reduced. The basic information of the TBS, including the thermal characteristics of the building envelopes, the inner heat density, the indoor air temperature set point, the operating schedule of equipments and air conditioners were achieved and the thermal performance of the building envelopes during the measuring period was studied by the field investigation. Based on this information, building simulation was applied to study the thermal performance of the TBS for a whole year and estimate the energy saving potentials for each building energy efficiency design.
Building simulation 3.1 Simulation methods
A dynamic thermal simulation program named DeST was applied to estimate the annual cooling load of the typical TBS. DeST was originally developed in 1989 by Tsinghua University in China based on the IISABRE simulation environment (Hong, et al. 1997 ) and validated by comparison with both well-known international thermal simulation programs (Bloomfield, 1994) and experimental results (Zhang, et al. 2004 ). DeST has become a reliable simulation program and is widely applied in building design and for national standards in many countries . Figure 8 shows the model of the typical TBS in DeST created according to the real plan of the TBS. The parameters for the simulations were set according to the basic information achieved by the field investigation. The structure and thermal characteristics of the building envelopes were set as in Table 1 . The telecommunication equipments run all day with a total heat of 4.35 kW. The heat density of the lighting and the people were ignored due to the limited period of occupancy. The air conditioners operated continuously with a temperature set point of 25 °C and a relative humidity set range between 5% and 85%. The ventilation rate between the outdoor air and the TBS room was 0.5 h -1 . The absorption coefficient of solar radiation of the exterior surfaces of the walls and roof was 0.7. Outdoor climate data was set according to typical Guangzhou annual meteorological data. 
Simulation results and discussion
Simulation on the performance of the investigated TBS shows that the accumulation of annual cooling load is 36891 kWh. It can be seen that 97% of the inner heat source becomes the cooling load of the air conditioners and only 3% is discharged by the building envelopes in the investigated TBS. Well building energy efficiency design, which enhances the heat dissipation by the building envelopes, can save energy consumption of cooling. Heat transfer coefficient and solar absorptance are the key factors determining heat transfer of building envelope. In addition, shading and ventilation, which are widely used in the hot and humid region of China, are considered as the potential energy efficiency designs for TBS as well.
Temperature set point adjustment
Thermal performance of building energy efficiency design is affected by many factors, such as inner heat density, operating schedule and environmental requirements. The information of these factors were obtained by the field investigation and directly inputted as the known conditions into building simulation, except for the indoor temperature set point. The temperature set point for the air conditioners in a typical TBS is 25 °C, which takes human comfort requirements into consideration. In practice, the time for which people are present in the TBS is so short that the comfort requirements can be ignored, and the indoor temperature set point of the TBS can be raised to 30 °C according to the environmental requirements of the telecommunication equipment (Standardization Institute of Posts and Telecommunications, 1995) . The performance of the TBS with the adjustment of temperature set point was simulated and the results show that the annual cooling load is decreased by 21% compared with the one without adjustment. Meanwhile, the role of building envelopes becomes more important and their heat dissipation accounts for 23% of inner heat source. The following analysis on the building energy efficiency design is based on the model with the temperature set point adjustment.
Design of heat transfer coefficient
The heat transfer coefficients of the walls and roof can be varied from 0.5 to 6W/m 2 K when choosing different local materials and structures in Guangzhou. The simulation results show that (see Figure 9 ) the relationship between the annual cooling load and the change of heat transfer coefficient is linearly and an increase in heat transfer coefficient is beneficial to the reduction of cooling load. The concept of better insulation saving more energy is not applicable to the special kind of buildings such as TBS in Guangzhou. The annual cooling load was found to be less sensitive to the change of heat transfer coefficient of the roof due to the strong solar radiation absorption of the roof during a whole year. Considering the practical available materials and structures in Guangzhou and safety of the communication equipments, the walls and roof were determined as 60mm reinforced concrete walls with plaster and 50mm reinforced concrete roof with plaster. The percentage saving in annual cooling load achieved by the designs is 11.8% and 3.1% separately. 
Design of solar absorptance
The solar absorptance of the outside surface of the external walls and roof was changed from 0.7 to 0.1 to represent different external finishes. It was found that the annual cooling load has a linear relationship to the solar absorptance of the external surfaces, and the lower the solar absorptance, the higher the saving that can be achieved (see Figure 10 ). A reduction in solar absorptance from0.7 to 0.1 can achieve a 7.5% and 1% saving in annual cooling load for the walls and roof separately. The design of shading on the walls or roof can be included into the design of solar absorptance by transforming the shading coefficient into the resulting solar absorptance. 
Ventilation design
The frequency distribution of outdoor air dry-bulb temperature in a typical year in Guangzhou is shown in Figure 11 . The percentage of the time when outdoor air temperature is lower than the indoor temperature set point of TBS (30 °C) is more than 90%, which indicates a great potential of energy saving can be achieved by ventilation. Air exchange rate has a significant impact on cooling load. The ventilation rate between the outdoor air and the TBS room when applying VCT was changed from 0.5 h -1 to 300 h -1 and the annual cooling load was simulated, and is shown in Figure 12 . The ventilation rate has a significant effect on the annual cooling load. When the ventilation rate increases from 0.5 h -1 to 50 h -1 , the annual cooling load per square meter decreases from 1439 kWh/m 2 to 514 kWh/m 2 and the rate of decline is 64%. As the ventilation rate continues to increase, the annual cooling load does not reduce significantly, which indicates that a reasonable ventilation rate for VCT is 50 h -1 . The increase of air exchange rate can be achieved in practice by design of mechanical ventilation. The internal heat in the TBS remains constant while the outdoor air temperature changes are comparatively large, and thus the time when the outdoor cold air can be used changes along with the outdoor air temperature. Figure 13 shows that the runtime of the air conditioners is greatly shortened by applying VCT. The air conditioners need to run year-round in a TBS without VCT, while they run mainly on a part-time basis from May to October in the TBS with applied VCT. The annual runtime of the air conditioners amounts to 2509 h, which accounts for only 29% of the total of 8760 h. Thus significant energy savings are made. 
Combinations of building energy efficiency designs
The savings of annual cooling load from various building energy efficiency designs are shown in Figure 14 . It can be seen that ventilation design achieves the highest saving of more than 64.2%, followed by an 13.4% saving from heat transfer coefficient design of walls. The savings by using other energy efficient designs are less than 10%. The combination of the energy efficiency designs are always preferred and applied in practice to achieve a better thermal performance of a building. As the impact on energy saving may be strengthened or weakened by the combination, several possible combinations of the building energy efficiency designs were analyzed by using building simulation. The combined effect is approximately equal to the sum of the effect of each design for the combination of the designs of walls and roof (see Figure 15 ), which is because the impact of walls on cooling load can be considered independent from the one of roof. The combined effect is significantly greater than the sum for the combination of heat transfer coefficient design and solar absorptance design, which can be explained as followings: Not only the heat loss, but also the heat gain will increase with heat transfer coefficient design, and the latter one can be weakened by solar absorptance design, resulting in a higher energy saving. The combinations of ventilation design with others do not work much better than ventilation design, which is because that the most of inner heat source will be taken away through well ventilation and the impact of heat transfer of walls and roof becomes very slight. 
Study of ventilation cooling technology
It was found that ventilation design is the primary choice for energy efficiency TBS building design. However, there are no studies on TBS ventilation design for energy conservation to date. The envelopes of the existing TBSs are well sealed without any ventilation and the significant cooling capacity of outdoor air in winter, spring, autumn and morning and evening in summer is neglected, resulting in huge energy costs for air conditioning. To make full use of the natural outdoor cooling resources, a new ventilation cooling technology (VCT) was proposed. By applying VCT, the outdoor cold air is imported by fans to dissipate the internal heat of telecommunication equipment directly. The fans, which consume much less electrical power, are substituted for the air conditioners for environmental control when the temperature and humidity of the outdoor air meet the equipment requirements. The runtime of the air conditioners is thus greatly shortened, resulting in remarkable energy savings. However, there are several practical problems for the application of VCT to the TBS such as: a control strategy for the fans and air conditioners for an environment with guaranteed temperature and humidity to ensure reliable operation of the equipment; the temperature and humidity of the environment itself in the TBS; chemically and mechanically active substances and their conditions in the TBS; the condensation risk on the internal surfaces of the building envelopes; additional costs for reconstruction and the payoff period. Therefore, a feasibility analysis for VCT relative to the above problems should also be carried out. Figure 16 shows a schematic drawing of the VCT applied in the typical TBS. The fans and filters are installed on the exterior walls. Air conditioners are also installed as auxiliary cooling equipment to guarantee the environmental temperature and humidity requirements. There are three situations where the fans and air conditioners are controlled by the control system, i.e.: the fans and air conditioners are both switched off; the fans are switched off and the air conditioners are turned on; and the fans are switched on and the air conditioners are turned off. Figure 17 shows the control strategy for the VCT. If the indoor temperature T i is lower than the temperature set point of T acs , the fans and air conditioners are both switched off. Otherwise, if the outdoor temperature T o is higher than the set point of T fs or the indoor relative humidity i is higher than the set point of s , the air conditioners are turned on and the fans are switched off. However, if T o is lower than T fs and i is lower than s the air conditioners are turned off and the fans are switched on. These cycles are repeated at regular intervals. 
Feasibility analysis
Control strategy
Temperature and humidity environment
The simulation results indicate that the time percentage for an indoor air temperature between 25 °C and 30 °C accounts for 60%, while temperatures between 20 °C and 25 °C account for 20% and those between 5 °C and 20 °C account for 20% ( Figure 18 ). The telecommunication equipment in the typical TBS, called RBS2202, is designed for normal operation in the climatic/mechanical conditions of class 3.1 of ETSI EN 300 019-1-3 (European Telecommunications Standards Institute, 2004). Relative humidity conditions for environmental class 3.1 range from 5% to 85%. The indoor air temperature is much higher than the outdoor air temperature; consequently, the air relative humidity decreases markedly when air is transported into the room. The relative humidity of the air in the TBS is lower than 85% over the majority of the year. The relative humidity set range of air conditioners is from 5% to 85% in the building simulation model, i.e. the room air is humidified when the relative humidity is less than 5% and is dehumidified when the relative humidity exceeds 85%. The simulation results show that there is no need for the room air to be humidified year-round and no need for it to be dehumidified for the vast majority of the year. The dehumidification load is only 6.5 kWh annually. Under the control of the VCT control system, the fans will be turned off and the air conditioners will be switched on automatically to dehumidify the air when the indoor relative humidity exceeds the limit of the range, and consequently the humidity conditions are guaranteed. Table 2 shows the atmospheric environment in Guangzhou in recent years and the relative conditions of the chemically and mechanically active substances used in the equipment (European Telecommunications Standards Institute, 2004). The sulphur dioxide and nitrogen oxide content levels meet the acceptable chemically active substance conditions for the equipment. Considering the maximum sedimentation dust content of 8.41 mg/m 2 h in recent years, filters with filtration efficiency of 85% will be able to maintain an acceptable indoor sedimentation dust content under these conditions. Lower resistance, lower wind pressure loss, ease of maintenance and long cycles for replacement of the filter materials should also be considered during filter selection. Active substances conditions in equipment 0.3 0.5 1.5 Table 2 . Atmospheric environment in Guangzhou in recent years and active substance conditions in equipment.
Chemically and mechanically active substance conditions
Condensation risk on the interior surfaces of the building
Water condensation on the interior surfaces of the building envelopes may have negative effects on the telecommunication equipment. Condensation occurs when the interior surface temperature is lower than the air dew-point temperature. The greater the difference there is between the interior surface temperature and the air dew-point temperature, the lower is the possibility of condensation. The air dew-point temperatures were obtained from typical annual meteorological data for Guangzhou and the interior surface temperature was calculated using the building simulation model. Taking the north wall, whose interior surface temperature is the lowest, for analysis, Figure 19 shows that the interior surface temperature is higher than the air dew-point temperature from 1.7 °C to 24.7 °C. Therefore, the condensation risk is quite small. Fig. 19 . Difference between the north wall interior surface temperature and the air dewpoint temperature.
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Cost-effectiveness analysis
The ventilation rate between the outdoor air and the TBS room reaches 50 h -1 when fans with total power of 0.22 kW are installed. Because of the high internal heat density, the time when the fans and air conditioners are both turned off is very short. Therefore it can be assumed that the fans run when the air conditioners are switched off (see Figure 13 ). Table 3 shows that the energy conservation is about 49% for application of VCT to the typical TBS. Additional cost for reconstruction is not more than 5000 RMB, which includes the costs of the fans, filters, ventilation control system and temperature and humidity detectors. Additional maintenance costs for replacing the filter materials are only some hundred RMB annually. The payoff period for the VCT is less than two years, based on a rate of 0.8 Yuan per kilowatt-hour of electricity. The majority of the TBSs in Guangzhou can be reconstructed. Provided that one thousand TBSs are reconstructed and VCT is applied, more than 3 million RMB will be saved annually in electricity bills. Table 3 . Annual energy conservation of VCT.
Optimization of airflow organization
The installation location of the fans and openings and the layout of the equipment all influence the temperature and air velocity distribution in the TBS, and therefore influence the heat dissipation of the equipment. Computational fluid dynamics (CFD) simulation provides detailed spatial distributions of the air velocity, air pressure, temperature, contaminant concentration and turbulence by numerically solving the governing conservation equations of fluid flows. It is a reliable tool for the evaluation of thermal environments. A CFD code, PHOENICS, was applied to simulate the temperature and air velocity distributions for the different cases of airflow organization in the typical TBS. Figure 20 shows the model of the typical TBS in PHOENICS created according to the real plan and dimensions of the TBS. The parameters for the simulations were set according to the field investigation results. The simulations were performed under steady state conditions using a k-e turbulent model. A mesh of 0.1 m 0.1 m 0.1 m blocks was used. The key boundary conditions needed for the calculation comprise: Openings: External air temperature was set to 22 °C, which is the mean air temperature of Guangzhou according to typical annual meteorological data. External pressure was zero relative to the indoor atmospheric pressure. Fans: The fan delivery was set according to the ventilation rate of 50 h -1 . Envelopes: The walls, floor and roof were assumed to be adiabatic. Cabinet model: The cabinet model was created according to the actual cabinet. Each cabinet has two inlets, one outlet and two heat sources. Each heat source was assigned a fixed total heat flux of 271.9Wand the total heat flux for all heat sources in the TBS amounted to 4.35 kW. The wind speed of the outlet was set at the measured value of 1.83 m/s. The actual cabinet and the cabinet model are shown in Figure 21 . 
CFD model
Airflow organization
There are cabinets, batteries, air conditioners, fans and openings in the typical TBS with applied VCT. Taking the convenience of the reconstruction into consideration, the sizes of the openings and the fans should be minimized. The fans and openings are installed on the 
Results and discussion
As cold air is taken into the cabinet through the inlets and dissipated from the outlet, the average temperature of the inlets of all the cabinets for each case is used to evaluate the heat dissipation efficiency. Figure 23 illustrates the contour of indoor temperature of each case at z = 0.3 m. The average temperature of the inlets of each cabinet and of all the cabinets for each case are presented in Figure 24 . In Case 2, the cold air is mixed with the hot air exhaust from the cabinets, and the heat dissipation efficiency is greatly reduced. In Case 3, the cool air is quickly dissipated to the outdoors without sufficient heat exchange with the indoor air. In Case 4, due to the additional openings and fans, which are uniformly distributed in the region of the cabinets, the average temperature of the inlets of all cabinets drops by 1.1 °C compared with Case 1. In this study, Case 4 serves as the optimal design. Based on the above comparison, the following results are generated: 1) The openings should not be set too close to the fans to avoid short circuits.
2) The openings should not be set at the height of the outlets of the cabinets, and the fans should not be set at the height of the inlets of the cabinets to avoid mixing of cold and hot air.
3) The openings and fans when uniformly distributed in the region of the cabinets can provide a uniform temperature field and better heat dissipation efficiency. 4) Results show that optimization of the airflow organization has a strong influence on the heat dissipation efficiency for VCT.
Conclusions
TBS buildings have large numbers, high energy consumptions and great potentials on energy conservation. Through field investigation of a typical TBS in Guangzhou, the basic information of TBS was achieved, the key factors influencing energy consumption of TBS were determined and several building energy efficiency designs were proposed. The effect on annual cooling load was analyzed for each building energy efficiency design and the combined effect were achieved for several combinations of the designs by building simulation. The building energy efficiency design strategy for TBS in Guangzhou can be concluded as followings: The indoor air temperature set point of TBS should be elevated to 30 °C regardless of human thermal comfort requirement. Ventilation design is the prior choice for building energy efficiency design of TBS, and other designs are not necessarily considered when ventilation design is applied. For the TBS which is not feasible to apply ventilation design due to practical problems, the combination of designs of high heat transfer coefficient and low solar absorptance walls and roof is strongly recommended. Study of ventilation cooling technology (VCT) was proposed. The application feasibility of VCT was analysed systematically. The results show that the temperature and humidity requirements of the equipment can be fully met under the linked control of the fans and air conditioners. The chemically and mechanically active substance conditions can be met by using filters with filtration efficiency of 85%. The condensation risk on the interior surfaces of the building envelopes is quite low. The energy conservation achieved by the use of VCT is about 49%, and the payoff period is less than two years. The application of VCT in the TBSs in Guangzhou is feasible, and obvious economic and social benefits will be achieved if VCT can be broadly applied. The PHOENICS CFD code was applied to simulate the temperature and air velocity distribution for several different airflow organization cases in the typical TBS. The simulation results show that optimization of airflow organization has a strong influence on the efficiency of heat dissipation for VCT.
